In the last decade, the attention of limnologists has been focused on the production of dry matter in lakes and the intensive studies have been carried out by many investigators.
While the similar investigation on the running waters has not as yet been performed adequately except for several researches made by Odumi 2), McConnel and Sigler3).
In a mountain river, sessile algae are important primary producers of organic matter and the main feed for sweetfish, therefore the information on the dry matter production of sessile algal community is indispensable as a background for the study of the ecosystem in a mountain river.
However, the knowledge in this field has lagged also in Japan, though a few of the taxonomic and floristic studies have already been reported.
To fill the foregoing gaps, the author has undertaken a series of ecological studies of sessile algae in the mountain section of the River Arakawa during 1959. In this paper, he will describe the standing crop of algal community measured in chlorophyll amount and then discuss the habitat factors affecting the production of algae.
Main features of the River Arakawa
Arakawa is arising from a portion of the Titibu Mountains in Saitama Prefecture, Central Japan and terminating in Tokyo Bay. As seen in Figs. 1, 2, the watercourse is divided into the mountain river and the downstream region.
The mountain river is a clear, rapid stream and it can be furthermore divided into two parts ; the canyon section and the lower section.
The former is 0.2 to 0.5 m. in depth, 5 to 15 m. in width and has a steep gradient.
The latter has a gradual slope, a depth of 0.2 to 0.7 m. and a width of 10 to 30 m. As pointed out by Berg4), it seems ecologically reasonable to divide the mountain section into the said parts. The river bed of the mountain section is occupied by rocks of about 10 to 20 cm. in diameter.
The downstream region from Kumagaya to the estuary is characterized by high turbidity and a heavy silt deposition. homogenized with an ordinary home mixer. The homogenized sample was dividedd into two parts.
One part was stored in a plastic bottle after fixed with 3 % f ormalin solution for the count of cell number which was made by the Sedywick method. The other filtrated with a filter paper (Toyo No. 5a) for chlorophyll measurement after Hogetsu and Ichimura5).
Results and Discussion 1. Locational and seasonal changes in chlorophyll content in the mountain river
The measurement was carried out four times in a year. The results are summarized in Table 1 , in which those obtained in the tributaries are also included. During January to March 1959, the river bed at Station 3 and 9 was dried up, therefore the sampling for chlorophyll measurement could not be performed. At Station 14 the river bed was densely covered with white deposit of fine lime stone outfiowedd from a settling pool of Titibu Industry. Thereby the chlorophyll content in the region below Station 14 was remarkably reduced.
Reduction of the standing crop of algae referred to the precipitation of the coarse bed load was also observed at Station 12 in a series of measurements made in summer and fall.
Fig. 3-A shows the annual mean value of chlorophyll amount per unit surface of the river bed deduced from the data in Table 1 . In general, it can be said that the chlorophyll amount is larger in the lower section than in the canyon section.
The mean value of 0.003 mg./cm.2 and 0.007 mg. /cm.2 was respectively obtained in the area of canyon section and in the lower section.
Furthermore, it is interesting to note that a regular rhythm can be seen in the Iocational change of chlorophyll amount within a mountain section.
The low points in the rhythm were generally found at the station departed a short distance downwards from the hydroelectric impoundment.
This fact may suggest that there is a close correlation between the variation of the standing crop of algal community and the abrupt change in water level induced by the artificial impoundment.
Namely, a great part of the from a hydroelectric impoundment is usually sent through the lower station situated just above the next impoundment, Definite seasonal change in the chlorophyll content was observed within the entire region of the mountain section but the pattern of the chlorophyll change in the canyon section differed a little from that in the lower section. As can be seen in Fig. 3 , B-E, the chlorophyll content in the lower section began to increase in spring, reached a maximum in fall and reduced in winter. Therefore, such a feature of the seasonal change resembles that in lakes, because Ichimuras) has observed in the annual rhythm of chlorophyll content of lake water, one or two pulses, the peak of which occurs usually in spring and fall. On the contrary, in the canyon section the peak was obtained in winter. Presumably rich chlorophyll content in winter may be attributed to the characteristic life of Hydrurus foetidus, which is dominant species in the mountain river, and especially the winter vegetative thalli which develop about 10 cm. in length cover densely the river bed of the upstream portion of the canyon section. As can be seen in Table 1 , the chlorophyll content in the tributaries was roughly the same as that obtained in the main river near the outlet of each tributary. As an exceptional case, however, a large quantity of chlorophyll was measured at Station d in the River Otigawa. It was 99 mg./m.2 in April and 414 mg./m.2 in November. Comparing the chemical character of the River Otigawa with those of the other streams, no reliable reason was found to expect such an enormous algal production. The algal flora of the River Otigawa is characterized by Prasiola japonica, which is abundantly observed only in this river within the Titibu Mountain district.
Comparison of chlorophyll amount in the River Arakawa with that in other fields
According to the theoretical elucidation made by Steemann Nielsen7), the absolute maximum chlorophyll content in lake is 300 mg./m.2 in the photic layer from the According to the data presented by Gessner9), the chlorophyll amount found in eutrophic lake, Wessling See was rather extraordinarily high (606 mg./m.2) but it was 148 mg./m.2 in the photic layer. Therefore, the amount of chlorophyll in the mountain section of the River Arakawa can be comparable to that in ordinary eutrophic lakes but is smaller than those in the extremely eutrophic lakes. According to McConnel and Sigler3), the average chlorophyll content in the canyon section of the Logan River, Utah, is about 300 mg./m.2, while that in the canyon section of the River Arakawa is only 25 mg./m.2. Besides the injurious effect of the impoundments, this low value may be referred to the geographycal difference in the habitat conditions. Especially, the River Arakawa frequently rises in case of heavy rain and typhoon, through which the river bed is disturbed and the benthic algal communities are destroyed by such physical action as scarping, burying etc.
The assessment of standing crop of phytoplankton community based on its chlorophyll content now becomes usual. The data obtained in this study show the fact that the proportion of chlorophyll to dry matter of , algae is 0.6-0.8% in diatom, 0.8-1.2% in blue-green and 1.0-2.0% in green algae. Assuming 1.0% chlorophyll as the mean value in the algal community of the River Arakawa, the standing crop of sessile algae is 7.0 g./m.2 as dry matter in the lower section and 2.5 g./m.2 in the canyon section. Such values may somewhat ambiguous because of the specific and seasonal variations in the proportion of chlorophyll content to organic matter of algae.
3. Relation between the amount of chlorophyll and cell number in the sessile algal community. Fig. 5 , founded on the data taken from various stations along the watercourse, depicts a rough linear correlation between chlorophyll content and cell number. Namely, the low value of chlorophyll amount per cell was attributed to the algal community which consisted of a great number of minute-sized algae, and high value was characterized by a small number of large-sized algae. For these reasons,, the cell number, which has hitherto been employed as the measure of the standing crop of algae, may have little meaning from the ecological view-point.
In determination of the quantity of algae, the chlorophyll method seems to be more reasonable than the counting one, and this has already been proved by many investigators who used the chlorophyll content as an index of productivity of waters.
Summary
As a first step to study the primary production in the mountain section of the River Arakawa, the standing crop of the sessile algal community was measured by means of the chlorophyll method.
From the ecological point of view, the mountainn section was divided into two parts; the canyon section and the lower section.
1. The annual mean value of chlorophyll content on the river bed was 25 mg./m.2 in the canyon section and 70 mg./m.2 in the lower section.
These values coincide fairly well with those measured in the ordinary eutrophic lakes in Japan.
2. Throughout the watercourse, definite rhythm was observed in the seasonal changes of chlorophyll content on the river bed. The peaks were found in winter in the canyon section, while those in lower section were in fall.
3. There is a linear correlation between the chlorophyll content and cell number in the sessile algal community of the mountain river.
4. The main factors determining the standing crop of the sessile algal community in the mountain section of the River Arakawa can be summarized as follows; (1) unstable aquatic environment of river bed caused by the hydroelectric impoundment, (2) physical action such as scraping and burying referred to the flood of river by heavy rain, and (3) the precipitation of the coarse bed load originated from the construction of the impoundment and of the fine lime stone outflowed from a settling pool of Titibu Mining Industry.
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